A strain of Corynebucterium glutamicum used for industrial production of glutamate had uptake systems for L-glutamate and L-serine, These transport systems were inhibited by a protonophore and by an ionophore, indicating that they were driven by a proton-motive force. Cells grown in the presence of an acylated surfactant used in industry to trigger glutamate excretion are known to have a decreased phospholipid content and highly saturated lipids. These surfactant-treated cells were no longer able to accumulate glutamate, while the w i n e uptake remained undisturbed. As a working hypothesis, it is proposed that the surfactant-induced membrane modifications could specifically result in an uncoupling of the glutamate uptake system, which could consequently be used as a specific excretion system. Abbreriafion : CCCP. carbonyl cyanide m-chlorophenylhydrazone. 0022-1287/84/0001-1890 502.00 0 1984 SGM Downloaded from www.microbiologyresearch.org by IP: 54.70.40.11 On: Sat, 08 Dec 2018 06:07:36 2590 Y . CLEMENT A N D OTHERS METHODS Chemiculs. 14C-labclled L-glutamate and L-scrine, and 'H20, were purchased from the Commissariat a I'Energie Atomique (CEN de Saclay, France), and inuiin-(l4C)carboxy1ic acid from Amersham. Valinomycin. nigericin, CCCP and chloramphcnicol were purchased from Sigma. Polyoxytthyleneglycol stearate (Simulsol M49), subsequently called acylated surfactant, was obtained from Seppic-Montanoir (Paris, France).
INTRODUCTION
Glutamate excretion by Brecibucterium or Corynebacteriurn strains is obtained in industrial processes by addition of an acylated surfactant containing saturated fatty acyl residues (Demain & Birnbaum, 1968) . This induces an increase in the saturated fatty acid content of the lipids (Huchenq, 1983; Takinami et al., 1968) and a large decrease in the phospholipid content of cells (Huchenq, 1983) . These modifications of lipids are pertinent to excretion triggering but do not shed any light on the glutamate excretion mechanism.
The added surfactant does not stop growth but moderately inhibits it; thus the treated cells do not suffer from a generalized leakage of intracellular metabolites. This was confirmed in our tests with Corynebacterium glutamicurn, since after surfactant addition the growth medium contained only trace amounts of amino acids, except glutamate and small amounts of alanine. In the absence of surfactant our strain excreted alanine, but no glutamate (unpublished result). This indicated that alanine was exported by a specific system; however it seemed unlikely that a cell could have a device synthesized only to expel one amino acid. Most bacterial species have specific uptake systems to accumulate amino acids (Anraku, 1980) . It can be imagined that the alanine excretion in C . glutarnicum occurs through a system that retains its specificity but has lost the ability to accumulate alanine, so it works only in the direction imposed by the alanine concentration gradient, as in the caseof some transport systems in eukaryotic cells (Christensen, 1969; Guidotti el ul., 1978) . This could also be postulated for glutamate excretion by C . glutamicum during growth in the presence of the surfactant.
Here we show that the glutamate-excreting bacterium C . glutmicum has a glutamate accumulation system, and some of its properties are presented. They differ in some respects from those of glutamate transport in BrecibacteriumjYacum (Mori & Shiio, 198.7). Based on the results obtained, a model for glutamate excretion mechanism is described. and 'H,O with a total radioactivity (c.p.m.) at least ten times that of the l*C-labclled compound (5 pCi JH and 0-05 pCi IsC were used in our assays; I pCi = 37 kBq). Cells were immediately sedimented by centrifugation at booog for 10 min. and the radioactivity of 100 pl of the supernatant was counted. The cell pellet was separated from the supernatant. and 500 pI b u l k was added to the cells. The cells were sedimentcd again and 400 pl of the supernatant used for counting. Amino acid upfuke. The inorganic medium used for uptake experiments, subsequently called 'basal uptake medium', was the basal salt medium defined above, but minus (NH4),S0,.
Counting of the
Cells grown to an OD45o of about 7 (measured with a Zeiss PMQ 111 spectrophotometer) were collected by centrifugation at booog for 5 min and washed three times with basal uptake medium (1 ml of cell suspension with on ODb~O of I corresponded too-2 mgcell dry weight). Stocksofcells(OD,,, = 10) were kept in thesame medium in ice. A 0.1 ml sample of cell suspension was added to 0.9 ml of the basal uptake medium containing 0.05 g sucrose I -' plus 0.1 rng chloramphenicol ml-', and incubated at room temperature for 30min with vortex agitation. Uptake was initiated by adding a lJC-labelled amino acid (about I pCi per assay, final concn 4-6 phi). Samples of 100 PI were filtered under gentle suction on Whatman GF/B glass fibre filters. The filters were washed three times with 2 ml 0.1 M-sodium phosphate buffer pH 7.8, dried and counted. The first sample was taken immediately after addition of the amino acid and used as a blank value. The accumulation factor of amino acids within cells were calculated as follows. IfC, and C, are the intracellular and extracellular amino acid concentrations respectively, V, is the extracellular volume in the filtered sample, and R, and R, arc the intracellular and total radioactivity (in c.p.m.) of the filtered sample respectively, then the accumulation factor C,/C, = (VJV,) x R,/(R, -R,). In our experiments we estimated that V,/V, = 3000.
RudiwcfiL.irycounring. The scintillation mixture for wet samples contained 4 g PPO and 0.1 g POPOP in 333 ml Triton X-100 plus 667 ml toluene. The scintillation mixture for dry samples contained 5 g PPO and 0. I g POPOP in 1 litre toluene. The radioactivity was then measured in an Intertechnique liquid scintillation spectrometer.
VH , the free water volume in first pellet, i.e. the volume accessible to inulin, is given (in pl) by:
RESULTS A N D DZSCUSSION
Evidence for a gluiarnaie-specific uptake system As it is known that some glutamate transport systems are stimulated by Na', in a preliminary assay glutamate uptake by C. gluiamicum was tested in either a Na' or a K + medium ( Table 1) . The Na + stimulation noted in Escherichia coli (Frank & Hopkins, 1969) was not observed in our strain of C. glutamicurn. The best medium to test uptake seemed to be the basal salt medium plus 0.05 g sucrose 1l . In the experiments described below the basal salt medium was used without any nitrogen source, in order to limit amino acid synthesis during transport assays. At the plateau level (20-25 min accumulation) glutamate was concentrated by the cells lo3to 2 x 1 03fold, depending on the culture. The specificity of the glutamate uptake system was tested by measuring [ lJC]glutamate uptake in the presence of a 100-fold excess of non-labelted amino acids for 30 min. The system was highly specific for L-glutamate and L-aspartate since only these amino acids were strong competitors (i.e. decreasing uptake to t -3% of the uninhibited value). L-Pyroglutamate, Nmethyl-L-glutamate and D-glutamate had no effect, and all other naturally occurring amino acids tested gave inhibition percentages too small to be significant (4-30%) under our experimental conditions, with the possible exception of L-glutamine (35% inhibition). The glutamate uptake system described in B.flarum (Mori & Shiio, 1983) differs in its specificity in that ~-glutamine does not inhibit it, while D-glutamate seems to be slightly inhibitory.
Energy source of gl glut urn ate transport
We looked for a proton-motive force dependence of the glutamate uptake by using uncouplers (for data on their action see Ahmed & Booth, 1983; Terada, 1981) . The protonophore CCCP (used at pH 7) is known to lower the proton-motive force efficiently. CCCP abolished transport when added before glutamate and led to the release of most of the glutamate accumulated over 10 min under the usual uptake conditions (Fig. 1 a) .
To determine whether the two components of the proton-motive force participate in driving this transport, valinomycin (a K + ionophore) was used at pH 8 in the presence of K + , to abolish the transmembrane potential ( Fig. 16 ). Under these conditions, valinomycin had the same effect as CCCP. Nigericin is a H +/K +-exchanging ionophore; used at pH 6, it abolishes the transmembrane proton gradient, without changing the transmembrane potential. As shown in Fig. 1 (c) , nigericin abolished glutamate uptake. These results indicate that both the transmembrane potential and the proton gradient are used to accumulate glutamate. Valinomycin is not an inhibitor of the B.flucum system (Mori & Shiio, 1983 ).
Serinu trunsport
The transport of this amino acid was briefly studied in order to compare the effects of the conditions inducing glutamate excretion on the uptake of an amino acid not excreted. Since there was no competition between these two amino acids it can be concluded that serine and glutamate do not share a common transport system.
It is likely that serine was also accumulated by using a proton-motive force, since its uptake was inhibited by CCCP and valinomycin (Fig. 2) . At the tested pH values (6.5, 7, 7.5, 8) there was more inhibition by valinomycin than by CCCP, indicating that serine uptake is strongly potential dependent.
EjJects of'u suvfirctant on glutamare uptake It appears that the addition of uncouplers during an uptake experiment resulted in the release of at least half of the accumulated glutamate (Fig. 1) . In the following assays it was tested whether an acylated surfactant had an uncoupling effect on glutamate uptake. After the addition of the surfactant there was only a small release of the glutamate accumulated at the plateau, even 20 min after this addition (Fig. 3) . It can be concluded that the surfactant molecule by itself could not promote glutamate excretion in the absence of growth, for instance by acting like an uncoupler.
Glutamate and serine uptake were tested in cells grown for some time in the presence of the acylated surfactant, since it is known that in the industrial process the specific rate of glutamate excretion increases during the hours following the surfactant addition, in parallel with the lipid modifications (A. Huchenq and others, unpublished results) . Cells grown in the presence of the surfactant were strongly inhibited in their uptake of glutamate, while the transport of serine was not affected (Fig. 4) . It can be concluded that the surfactant-induced aiteration of the membrane did not result in a generalized leakiness of the membrane nor in a general uncoupling of the potentialdriven transport systems; rather there were effects on specific membrane systems, particularly on the glutamate uptake system, which seemed to become uncoupled.
Conclusion
The strain of C. glutumicum used in the present study had an active transport of glutamate, the energy source of which was the proton-motive force. This specific uptake system could excrete glutamate, once the cells were uncoupled by a protonophore. As the surfactant used to induce glutamate excretion severely decreased glutamate uptake, it can be proposed that the surfactantinduced modification of the cell membrane resulted in a severe uncoupling of the glutamate uptake system during growth. This effect appeared to be a specific property of the glutamate transport system in the glutamate-producing strain, since active serine uptake was not uncoupled.
A model for glutamate excretion could be as follows: the acylated surfactant added to the culture is adsorbed on the cell wall and cytoplasmic membrane (Huchenq, 1983) ; it induces an increase of the saturated fatty acid content of lipids and a degradation of nearly half of the membrane lipids (Huchenq, 1983) . These alterations lead to a Severe change of the glutamate transport system environment and to its uncoupling. As a consequence, the glutamate transporter becomes able to export glutamate and this continuous leak derepresses the glutamate biosynthesis.
